Jatropha curcas belongs to the family Euphorbiaceae and is distributed in many tropical and subtropical countries. The toxicity of the whole seed Jatropha curcas has been known for a long time. Jatropha plant is used as a source of biodiesel. In addition to being a source of oil, Jatropha also provides seed-cake and is a by-product of oil extraction that serves as a highly nutritious and economic protein supplement in animal feed. It also contains many toxic components like phorbol ester, lectins, saponin, curcin, HCN etc. In the present study, we detoxified whole Jatropha cake by subjecting to various solvent extraction, alkali and heat treatment. After processing, cake was dried and animal baits were prepared by mixing different percentage of detoxified (JCMD) and non detoxified cake (JCM). Long term (90 days) animal feeding trials and toxicological evaluations was carried out. Animals were sacrificed at various time intervals for toxicity evaluation. The toxicity study result revealed that 10% (w/w) detoxified (JCMD) baits fed group animals survived till the 90 days and did not show any significant changes in various clinical parameters related to hepatic and renal function while in 10% non detoxified (JCM) fed groups mortality starts on 6 th day of feeding and no animal was survived beyond 9 th day. The result of long term feeding trials and toxicity study reveals that 10% detoxified Jatropha cake can be supplemented in animal's diet after detoxification.
INTRODUCTION
Jatropha curcas commonly known as physic nut belongs to the Euphorbiaceae family. It is a hardy plant, thrives on degraded land and requires limited amounts of nutrients and water. The seeds contain about 300-350 gm/kg oil, which can be used as a fuel directly or in its trans esterified form, as a substitute for diesel. The proportions of shell and kernel range from 350 to 400 gm/kg and from 600 to 650 gm/kg, respectively. The seed weighs about 0.75 g and the kernel contains protein and lipid contents of 27 -32% and 58 -60%, respectively 1 . The toxic component was isolated from the seeds of Jatropha curcas by Felke 2 and was designated as curcin, Barbieri 3 reported that curcin was type I RIP i.e. ribosome inactivating protein. Curcin is a Type I RIP with a molecular weight of about 28.2 kDa, which strongly inhibits the protein synthesis in rabbit reticulocyte lysate system with an IC 50 value of about (0.19±0.01 nMol/L). Beside curcin, the seed contain phorbol ester, trypsin inhibitor, saponin, lectin, HCN, alkaloids and resin etc which prevent it's use as feed for animal.
Jatropha curcas seeds are highly toxic to a number of animal species. The toxicity is ascribed to the presence of phorbol esters. Other antinutrients present in high amounts in the seed are trypsin inhibitor, lectin, saponins, HCN, alkaloids, resin and phytate. In addition to the presence of these toxic and antinutritional factors, the high level of shells in the seed cake obtained after oil extraction by screw press prevents its use in animal diets. The protein quality of the meal obtained from shelled Jatropha seeds is high 4 . Different treatments were attempted on the seed meal samples to neutralise the antinutrients present in them. Trypsin inhibitors were easily inactivated with moist heating at 121 °C for 25 min. Saponin contents were reduced by ethanol extraction and irradiation. Extraction with ethanol, followed by treatment with 0.07% NaHCO 3 considerably decreased lectin activity. The same treatment also decreased the phorbolester content by 97.9% in seeds from Coatzacoalcos. Removing the toxic and heat-stable factors through solvent extraction, using 92% methanol, the extracted meal was found to be non toxic to rats 4 . The hydrothermally processed defatted meal of the non-toxic variety did not show any toxicity to rats 5 . However, the growth rates of fish fed diets containing heated Jatropha meal were found to be lower than the unheated Jatropha meal group 5 . There had been study of sequential development of the clinical signs and lesions in the organs of desert sheep and Anglo-Nubian goats dosed with Jatropha curcas seeds at 0.05, 0.5 and 1 g/kg/day or irritant compounds isolated from Jatropha seeds include curcin, a lectin 2, 7, 8 flavonoids, vitexine and isovitexine 9 and 12-deoxyl-16-hydroxyphorbol 10 . The meal of Jatropha curcas has a high activity of trypsin inhibitor and lectin but these can be reduced by heat treatment 1 . It is traditionally used for the treatment of sciatica, dropsy, paralysis, rheumatism, dysentery, diarrhea, and certain skin diseases 8 . It's also used for disease like cancer, piles, snakebite, paralysis, dropsy etc. The crude extracts of the steam bark of Jatropha curcas exhibited antibacterial and antifungal activities 7 .
In the present studies, an attempt was made to detoxify the Jatropha curcas cake applying solvent extraction, NaOH, and heat treatment to inactivate the antinutrional factors in defatted Jatropha cake. long term feeding trials of detoxified jatropha cake by observing survival pattern, and various hepatic and renal toxicity related biochemical parameter were accessed.
MATERIALS AND METHODS

Chemicals
Jatropha curcas cake was obtained from sister laboratory Defence Institute of Bio-Energy Research (DIBER), Haldwani, (Nainital). E. Merck and Qualigens analytical grade chemicals were used. DMSO was purchased from Across Organics (u.S.A.). QIamp DNA micro kit purchased from QIAGEN GmbH, D-40724 Hilden. Orange Loading Dye solution (Fermentas), DNA Ladder Plus 100bp (Fermentas). Bowin's fluid.
Detoxification of Jatropha cake using solvent and alkali
The Jatropha cake was detoxified using following protocol:
Detoxification of Jatropha Cake Jatropha cake ↓ Added Pet. ether and kept for overnight 
Baits preparation
Baits were prepared by adding detoxified (JCMD) and non detoxified Jatropha cake (JCM). The baits were mixed with Dalda oil, sugar, PNP and cardamom to make palatable to animal. The details of diet ingredients are shown in Table 1 . The ingredients were mixed, pelleted and later dried in Oven.
Animals
Swiss albino male mice randomly bred in DRDE's animal facility, with an average pre-experimental body weight of 26-30 g were used. The animals were kept at room temperature with 12 hours light/dark cycles. The animal maintained on dust free rice husk, bedding in polypropylene cages. The control animal fed standard pellet diet (Amrut Laboratory Feeds Pvt. Ltd, Maharashtra). Food and water were given ad libitum. Animals were fed with detoxified jatropha cake baits.
Animal experiment designing for 90 days feeding trails
Swiss albino male mice randomly bred in institute's animal facility, mice with an average pre-experimental body weight of 26-30 gm were used. Mice were divided randomly into 3 groups of five animals each and one of the following was administered for 90 days of feeding. Group I Control Group II 10% Jatropha cake meal (JCM) Group III 10% Jatropha cake meal detoxified (JCMD)
The control animal fed standard pellet diet (Amrut Laboratory Feeds Pvt. Ltd, Maharashtra). Food and water were given ad libitum. All groups were subjected to the standard condition of humidity, temperature (25 ± 2 °C) and 12 h light/dark cycles. The animals were handled according to the guidelines of CPCSEA and the experiment was approved by Institute ethics committee on animal experiments.
Acute toxicity studies
For toxicity studies data on food intake, water intake and mortality if any was observed during the feeding trails.
Effect on Biochemical Variables
The aim of this experiment was to study the effect of feeding of 10% JCM and 10% JCMD baits on various biochemical parameters. The animals were fed with respective diet. Blood was collected in heparinised vials from orbital sinus under light anesthesia at 3 days, 7 days, 14 days, 30 days, 45 days and 90 days after administration. Various biochemical parameters were studied. The parameters such as SGPT, SGOT, ALP, Total Bilirubin, Total Plasma Protein, Albumin, urea and Creatinine were analysed by using Merck kits.
RESULTS
Animals were fed detoxified jatropha cake baits. The mice were divided in to three groups I, II, III and fed 10 % JCM and 10 % JCMD and control diet, respectively. Food and water were given ad libitum. The feeding was done for 90 days. Data was recorded on body weight, food intake, water intake and mortality. The animals were sacrifice at 3, 7, 28, 60 and 90 days for toxicity studies. Various toxicity related biochemical, hematological variables changes in organs body weight were studied. Table 2 shows the survival pattern following jatropha curcas cake feeding the non detoxified jatropha meal was highly toxic to mice fed at 10% level. The mortality starts after 6 days and all animal died before 9th day of feeding. However, in the detoxified meal no mortality was observed.
of Jatropha curcas cake feeding on percent change in body weight. No significant changes were observed during 90 days feeding trials of detoxified and control diet feeding groups. However, in non-detoxified feeding group body weight decreased drastically.
The per cent change in organ to body weight of various groups is shown in Table 3 . The weight of liver, lung, spleen, kidney, heart and testes deceased significantly on 7 th day in non-detoxified fed group. No significant change was observed in weight of lung, heart, and testes for detoxified meal in compared to non detoxified fed animals. No significant changes were observed in the weight of liver, lung, spleen, kidney, heart and testes during 90 days feeding trials of detoxified and control diet feeding groups. Table 4 shows effect of Jatropha curcas cake feeding on hematological variables. Significant decrease in white blood cells (WBC) and platelet, haemo concentration was observed in non detoxified fed animals on 7 th day. No significant changes were observed in the hematological variables during 90 days feeding trials of detoxified and control diet feeding groups. Mortality starts after 3rd days and all animal died before 9th day of feeding. Jatropha cake meal detoxified (JCMD) and non detoxified Jatropha cake meal (JCM). Table 2 . Survival pattern observed during Jatropha cake feeding trials Figure 1 shows effect of Jatropha cake on percent change in body weight during 90 days feeding trial. No significant changes were observed in body weight during 90 days feeding trials of detoxified and control diet feeding groups. However, in non-detoxified feeding group body weight decreased significantly. Figure 2 shows the effect ) shows the effect on the activity of SGPT, and SGOT. The activity of SGPT and SGOT significantly increased in without detoxified fed group while the activity of these clinical enzymes did not altered till 90 th days of feeding with JCMD. Figure 4 the effect on the activity of ALP following jatropha cake feeding. The activity of ALP significantly increased in without detoxified fed group while Jatropha cake meal detoxified (JCMD) and non detoxified Jatropha cake meal JCM).
Values are mean ± SE; n=5; P<0.01, **Significant from control, P<0.05, * Significant from control. Table 3 . The percent organ to body weight of various organs the activity of ALP did not altered significantly till 90 th days of feeding of JCMD. Figure 5 shows the effect of detoxified jatropha cake meal on various biochemical variables like urea, glucose, and cholesterol. The levels of urea, glucose, and cholesterol did not altered significantly till 90 th days of feeding of JCMD. creatinine following jatropha cake feeding. The activity of bilirubin and creatinine significantly increased in without detoxified fed group while the activity of bilirubin and creatinine did not altered significantly till 90 th days of feeding of JCMD. Figure 7 shows the effect of Jatropha cake feeding on albumin, and total protein. The levels of albumin in plasma were not altered significantly till 90 th of JCMD feeding however significantly decrease in total protein was observed on 7 th day following JCM feed. Figure 8 shows effect of Jatropha cake on DNA fragmentation. DNA fragmentation was qualitative analysed by agarose gel electrophoresis. DNA extracted from control and treated tissues samples were electrophoresis on a 1% agarose gel. DNA ladder (1kb; Fermentas) served as molecular size standard. Qualitative DNA fragmentation profile of JCM fed mice is shown in Fig. 8 . DNA fragmentations were observed in liver at various time intervals in JCM. 
DISCUSSION
Among the different methods available for detoxification of Jatropha curcas cake and the changes in various biochemical variables on feeding Jatropha diets. All the feeding studies on J. curcas showed severe clinical and pathological symptoms. Among the important symptoms observed was transient loss of body mass and mild to severe macroscopic/microscopic changes in the kidney, lungs, heart, liver, and spleen in a dose dependent manner 11, 12, 13 . In Li 14 , et al., study as well, the major pathological symptoms were observed in lung and kidney, with widely diffuse hemorrhage in lung and glomerular sclerosis in the kidney.
In the present study we standardised the methodology of detoxification of Jatropha curcas cake. Cake was detoxified by using petroleum ether, n-hexane, chloroform, alcohol, water and also used alkali treatment. We observed that animal survived till 90 days by using alkali treatment. Baits were prepared by 10% mixing of detoxified cake with standard animal feed (w/w). It was also observed that animals did not survive more than nine days with 10% non detoxified Jatropha curcas baits. However, animal were found healthy and active after taking 10% detoxified diets.
We also observed changes in various biochemical variables i.e. GSOT, SGPT, ALP, Total Bilirubin, Total Protein, Albumin, urea, Creatinine using blood plasma by standard procedure, using the diagnostic kits. The levels of SGPT, SGOT and ALP were not significantly changes in group III compared to control group, indicating a normal organ function on feeding with 10% JCMD. The increased enzymes SGPT (27.77%), SGOT (17.10%) and ALP (8.53%) activity of liver attributed to liver damage and cytotoxic effect of 10% JCM on the liver cells leading to leakage of SGPT and ALP from damaged hepatocytes 15 . The alkaline phosphatase level rises during bile duct obstruction, and in intrahepatic infiltrative diseases of the liver 16 . Thus, the blood level of ALP and SGPT gives information on the damage of organs, and in particular of liver cells.
Total Proteins and albumin level were not significantly different in group III on 90 th day of feeding of 10% JCMD compared to control group. A significant reduction in total Protein (P<0.01) was observed in mice in group II albumin levels were not significantly decrease in the plasma of mice in group II on 7 th day feeding of 10% JCM. The hypoproteinemia and hypoalbuminemia were attributed to the direct toxic effect of phorbol esters led to degeneration and necrosis of hepatocytes 17 . Hepatocytes are considered the main site of albumin and protein synthesis 18 . The interaction of phorbol ester with protein kinase C (PKC) affects activities of several enzymes, biosynthesis of protein, DNA, polyamines, cell differentiation processes, and gene expression 19 . Total Bilirubin, urea and Creatinine concentration was not significantly different among the group III on 90 th day of feeding of 10% JCMD compared to control group. In group II Total Bilirubin level was significantly higher (P<0.01) than control group, an indicator of liver dysfunction 20 . The Creatinine level was significantly decrease (P<0.01) than the control group and the plasma urea level in group II did not vary significantly on 7 th day feeding of 10% JCM. Creatinine is the catabolic waste product of the tissue proteins that is exerted by the kidneys. Plasma Creatinine level is a sensitive index of renal function because it is dependent on the muscle mass and renal excretion and does not vary with the dietary intake of proteins 20 . Long term feeding trails of 10% detoxified Jatropha curcas cake was conducted and animal survived till 90 days. Various biochemical variables i.e. SGOT, SGPT, ALP, Total Bilirubin, Total Protein, Albumin, urea, Creatinine were not significantly different in group III compared to control group, indicating a normal organ function on feeding with 10% JCMD, suggesting that the groups III (10% JCMD) was normal and healthy. Recently (2011) some other authors have also reported similar results on feeding Jatropha containing diets [21] [22] [23] . In group II (10% JCM) mortality started from 6 th day and all animals died before nine days. Highly significant change was observed in SGPT, SGOT, ALP, total Protein, total Bilirubin, and Creatinine in group II (10% JCM).
It is the preliminary study, which has been reported. However, a total detoxification is necessary for nutritional application of Jatropha seed cake meal. Further investigations are under process for complete removal of toxic components and for complete detoxification of Jatropha curcas cake in the laboratories. Lot's of work has to be done in this study. For any further study this was the initial experiment which we have carried out.
CONCLUSIONS
In the present study we detoxified Jatropha cake using various solvent, alkali and moist heat treatment. After detoxification, Jatropha cake was dried and animal baits were prepared by mixing 10 percent of detoxified (JCMD), and non detoxified cake (JCM) separately. To make the animal bait palatable to animal other ingredient viz. Dalda, sugar, PNP and cardamom were also added. Long term (90 days) animal feeding trials and toxicological evaluations was carried out. The results of toxicity study revealed that 10% detoxified baits fed group animals survived till the 90 days and did not show any significant changes in various clinical parameters viz. SGOT, SGPT, ALP, total bilirubin, total protein, albumin, urea, creatinine related to hepatic and renal function while in 10% non detoxified fed groups mortality starts on 3 rd day of feeding and no animal was survived beyond 9 th day. This is the first study of Jatropha cake in which 90 days animal feeding trials were conducted with detoxified Jatropha cake and compared with non detoxified Jatropha cake feeding.
